INTRODUCTION
The domestication of cervids is often considered to be a late 20th century phenomenon, but there is compelling evidence that humans have domesticated a variety of deer species over many centuries in many parts of the world (13, 19) . Domestication of the North American bison, however, is a recent event, and can be traced to the dedicated work of a few conservationists at the end of the 19th and the beginning of the 20th centuries. In this discussion, the term 'domestication' is used as defined by the International Union for the Conservation of Nature (3), i.e. a domesticated population is 'a population that is adapted to life in close association with and to the advantage of humans, and whose entire life cycle is carried out under human management'.
Other influential authors have similar definitions. For instance, Hudson has written (28) : 'Domestic animals are husbanded rather than hunted; produced rather than procured. ' The infectious diseases of these species are classified in the same way as those of other species of livestock and have the potential to be disseminated in four main ways:
-transmitted within and among members of a herd -transmitted to other herds within the same industry -transmitted to or acquired from other species (true zoonoses) or con-specifics outside the boundaries of the operation -some diseases may also have the potential for transmission to humans (anthropozoonoses).
There are concerns among game farmers about the possible transmission of infectious agents from free-ranging animals to their livestock and vice versa. There are also concerns about possible transmission of such agents to and from other farms, whether the livestock be cervids, bison or other domesticated animals (e.g. cattle and sheep). Many of these concerns can be allayed, and the risks reduced to acceptable levels or eliminated, by proper fencing. Other management techniques can also be used in risk reduction. These include routine inspection, individual identification, disease testing and possible treatment, quarantine and vaccination.
Wildlife agencies have expressed concerns about the possible transmission of disease from farmed cervids to free-ranging animals, and have placed particular emphasis on the following diseases:
-tuberculosis (TB) caused by Mycobacterium bovis -brucellosis caused by Brucella abortus and B. suis biovar 4
-cerebro-spinal nematodosis, caused by the meningeal worm Parelaphostrongylus tenuis and the related tissue worm Elaphostrongylus cervi.
The diseases which concern game farmers, and which can be transmitted by free-ranging wildlife or other species adjacent to domesticated cervids and bison, include malignant catarrhal fever (MCF), giant liver fluke (Fascioloides magna) infestation and TB (including the avian form caused by Mycobacterium avium).
FENCING
Fencing requirements for all species of farmed livestock are based on the need both to contain animals within paddocks and to prevent them from escaping altogether. Either event could be important in disease transmission. In general, perimeter fences must be more escape-proof than interior fences, and in some circumstances they must also prevent ingress by predators.
For perimeter fencing, most deer farmers and many ranchers with bison (Bison bison) employ some sort of mesh fence, often constructed using high tensile (HT) wire. In some jurisdictions, government regulations set minimum standards for height and/or contain general statements requiring that perimeter fences be escape-proof.
For deer, the fencing specifications vary, depending on the size of the deer and its proclivity to jump. Most deer can be contained behind fences 1.9 m high and, as they become more domesticated, deer are less likely to challenge even this height. For farmers located in areas where wild deer are present, however, it is the free-ranging animals which may create problems, especially during the rut. For this reason, most farmers of wapiti (Cervus elaphus canadensis) in North America use perimeter fences of 2.1-2.5 m in height.
Even 2.1 m would be considered insufficient to contain white-tailed deer (Odocoileus virginianus). These animals are prodigious jumpers, and fence heights of 2.745 m are commonly used. In areas where Parelaphostrongylus tenuis occurs in free-ranging white-tailed deer, prevention of ingress is an important consideration for all deer species.
The principal predatory species of concern are coyotes (Canis latrans), foxes (Vulpes vulpes) and domestic dogs. In some areas, wolves (Canis lupus), mountain lions (Felis concolor) and even black bears (Ursus americanus) may be a problem. Ingress of such predators is controlled in a number of ways. For the canids, fences must be of small enough mesh to prevent an animal going through, and set close enough to the ground to prevent them from crawling under. Both goals may be difficult to achieve. Foxes are renowned for their ability to climb mesh fence and have even been observed running at right angles to a graded mesh fence and jumping without hesitation to go through mesh at 0.9-1.0 m from the ground, where the spacing in commercial mesh is wider than at ground level.
Mountain lions are more likely to attempt to climb a fence than to go under it. Where mountain lions exist, fence lines must be built clear of trees or rocky outcrops which would permit a direct jump into the enclosure.
A common solution for the control of predators is the use of electricity on the outside of posts. For canids, the electric strand is placed close to the ground (0.1 m). For foxes, mountain lions or bears, extra strands may be placed higher up. In extreme conditions, some farmers have used snares where animals are known to enter, or have used chicken-mesh fence laid horizontally for approximately one metre on the ground outside the perimeter, to prevent digging by coyotes. A by-product of the successful exclusion of predators lies in the control of rabies and parasitic diseases, such as sarcocystosis and tapeworm infestation.
Apart from HT mesh, bison are commonly held behind multiple strand fences of either barbed or HT smooth wire. Heights are usually in the range of 1.67-1.82 m.
HANDLING SYSTEMS
The handling of any animal requires good stockmanship, including patience, and an understanding of animal vision, and of flight and comfort zones. Deer and bison are no exception.
The evolution of handling systems has been an important part of the successful development of the deer and bison industries. Handling systems play an integral role in many farm activities and are essential in permitting routine examination of stock. Deer and bison cannot be farmed or ranched at the end of a dart gun, and chemical immobilisation has a limited role in the industry.
There are several publications which provide designs for specific species, and these designs all provide for the basic need for animals to be readily accessible for examination and treatment (2, 14, 16, 20, 21) . Most deer species can soon be trained to accommodate routine handling. Bison are less amenable to training but welldesigned, robustly-built systems allow this species to be readily handled at will. One of the most important components of handling any livestock species is the human element. There is no place for extravagant behaviour, and persons unfamiliar with the stock or the handling system should remain out of sight until requested to become involved.
Modern crushes for farmed cervids usually conform to one of three basic designs: a 'drop floor' system, a hydraulic system or a darkened box with side panels. All designs allow limited access to a variety of body parts, but usually permit collection of blood and faecal samples, as well as providing clear approaches to the neck for tuberculin testing.
Bison crushes are necessarily robust. They are usually adapted from cattle crushes, but are built of heavier material and have a so-called 'crash gate' located approximately 0.43 m in front of the head gate. Bison usually enter a crush and go through the head gate at high speed. The crash gate prevents them from escaping before the head is caught. Suitable crushes allow all-round access to several body parts.
INDIVIDUAL IDENTIFICATION
In most countries where deer and bison are farmed commercially, individual tagging is the norm. This is because most producers, especially industry leaders, recognise the overall advantages of such a system. Legal requirements for animal identification vary considerably between countries, however, and between states in the United States of America (USA).
Virtually all farmed or ranched cervids in North America are individually identified with ear tags, collars, tattoos or unique microchips. Microchips have not proved to be entirely satisfactory for two reasons. First, they can migrate if not properly inserted; and second, they are not legally permitted in meat-producing animals.
In Canada, each animal must be identified with a 'dangle tag' which carries alphanumeric symbols unique to the province, the farm and the year of birth, as well as the individual animal. They must also have a metal tag embossed with the numbers used in brucellosis and tuberculosis control by Federal animal health authorities. In the USA, standards differ considerably from state to state.
In the United Kingdom, there is a requirement that farmed deer be individually tagged by the age of six months, while in New Zealand and Australia deer are usually tagged at birth, sometimes at weaning. There is no legal requirement to tag deer in Australia, however, as TB and brucellosis do not currently occur in these species in this country.
In the reindeer herding districts of Finland, ear notching is employed for animal identification. Notching is performed in summer, and a complex system has evolved enabling each family member to recognise his or her animals. Over 10,000 varied ear marks are in use among the Saami herders of Finland (29) .
BIOLOGY OF SPECIES
An understanding of the biology of a particular species is of paramount importance in successful husbandry. Most of the deer farmed throughout the world originated in temperate zones and have highly seasonal nutritional and reproductive cycles. Deer from tropical regions are less likely to exhibit tight seasonal synchrony and must be managed accordingly. Good examples of this need are seen in Australia, where tropical deer may suffer considerable hardship in winter conditions. If their reproduction is not managed, calves born in winter months are likely to perish (10) .
In general, animals compromised due to harsh conditions and improper management are likely to have increased susceptibility to infectious agents. For instance, after weaning and during inclement weather, the incidence of clinical signs of malignant catarrhal fever (MCF) and yersiniosis rises in autumn and winter in New Zealand red deer (5, 6, 36) .
POTENTIAL PATHOGENS
While any animal species may be affected by a long list of potential pathogens, only a limited number are of concern in this discussion and their importance varies considerably. The epizootiology of the various pathogens will not be discussed in great detail, as this information can be found in other texts. Nevertheless, some discussion of individual agents is appropriate in the context of controlling disease transmission within or between farmed stock and free-ranging animals.
Tuberculosis
Tuberculosis has been a concern of all livestock producers for a long time. The incidence of this disease in cattle populations has steeply declined in the 20th century, due to changing farming practices and vigorous testing regimes, including abattoir inspection, whole herd eradication of premises where even a single positive animal has been found, and intradermal test and slaughter of reactors. TB has not been eliminated, however, and continues to be a problem for the cattle and cervid industries in some countries.
In New Zealand, TB is maintained in the national livestock herd as it has become established in the brush-tailed possum (Trichosorus vulpecula), a free-ranging species which is difficult to eradicate. The disease maintains itself in possums and free-ranging deer, and spills over into other feral animals -such as domestic cats, hedgehogs (Erinaceus europaeus) and feral ferrets -none of which appear to play an important role as a vector. Despite this, the incidence of TB in farmed deer has fallen to 0.03% although, at present, 207 (3.5%) of all deer herds in New Zealand remain subject to TB movement control, compared to 2.3% of cattle herds (7).
In the British Isles, TB persists in dairy cattle in a few limited areas. The disease is thought to follow a cyclic pattern of spread between cattle and wild badgers (Meies meles), although the exact nature of the cycle remains to be clarified (8) . TB exists on deer farms and has also been detected in free-ranging deer, although the incidence is low. Approximately 100,000 free-ranging deer are shot annually, and as many as 80,000 are inspected each year (either for export to other parts of the European Union, or for domestic consumption). Only two cases of TB were detected in free-ranging deer between 1991 and 1994 (H. Rose, personal communication).
In North America, TB exists on cervid farms and has been seen in ranched bison (11) . There are no current cases on game farms in Canada, where whole herd eradication is practised if a TB-positive animal is detected. In the USA, where a compensation programme is lacking, eradication is not legally required. At the end of 1994, there were seven TB-infected bovine herds in three states of the USA, and eight infected cervine herds in seven states (1) .
The number of recorded cases of TB in free-ranging wildlife in North America is limited, and the disease has failed to become established in the wild in the absence of an intermediate host. The most striking example of this failure is the absence of cases in the Wainwright area of Alberta since 1923, when TB was detected in more than 70% of culled enclosed bison at Camp Wainwright (the camp was closed down in 1939, after being taken over by the military authorities). At the time of closure, visible lesions of TB were found in 4.5% of wapiti, 5.6% of moose and 0.8% of mule deer inside the enclosure (18) . The three cases of TB . recorded in North American free-ranging cervids between 1900 and 1990 all occurred in white-tailed deer and may have been associated with dairy cattle. Since 1990, there have been three confirmed cases in wild animals. One case occurred in a wapiti (Cervus elaphus manitobensis) in Manitoba (Canada) in 1992, which was shot within 1 km of a dairy farm where cases had been observed. Deoxyribonucleic acid (DNA) typing showed the organism to be of identical origin to those observed in cases detected on the dairy farm (A. Choquer, personal communication). The other cases occurred in Montana (USA), in 1993, in a mule deer (Odocoileus hemionus) and a coyote, near the perimeter fence of a wapiti ranch where the infection was present (39) . In both the Canadian and the Montana instances, examination of hunted or culled animals in the areas outside the fence has, at the time of writing, failed to reveal further cases.
Johne's disease
Johne's disease, caused by Mycobacterium paratuberculosis, has been reported in several ruminant species, as well as in llamas and camels. This disease has been observed in both free-ranging and farmed animals in many countries. Wild animals are known to have been infected after being translocated to ranges where infected cattle have grazed (30) .
The disease is sporadic in nature, and the principal risk of transmission of Johne's disease occurs within farms, although transmission between farms cannot be ignored. There is little likelihood of transmission across perimeter fences in either direction.
Testing for Johne's disease by any of the serological methods or by delayed hypersensitivity skin tests is unreliable (12) . Even the histological appearance of biopsy or post-mortem lesions should not be considered conclusive without either bacterial culture or polymerase chain reaction (PCR) using test-specific DNA primers (9) . The use of a vaccine designed for cattle is reported to have reduced the incidence of clinical cases on one Scottish farm (12) .
Brucellosis
Brucellosis in farmed game species is primarily of concern in North America, where the disease occurs in free-ranging wapiti and bison in the Yellowstone ecosystem, in bison in Wood Buffalo National Park, and in a high proportion of wild caribou and herded reindeer (Rangifer tarandus) in Alaska and the Northwest Territories of Canada. Brucellosis is also a concern in some of the large herds of reindeer in Russia (38) . The disease in wapiti and bison is usually caused by Brucella abortus biovar 1. In reindeer and caribou, the disease is caused by B. suis biovar 4. Human cases of undulant fever due to B. abortus have been documented in persons associated with the processing of wapiti in the Yellowstone region.
The epizootiology of brucellosis in these species is very similar to that in cattle. B. abortus has a predilection for the pregnant uterus, mammary gland, testicle and accessory male sex glands, lymph nodes, joint capsules and bursae. Infection usually occurs via oral or conjunctival routes, with the organism localising in lymph nodes draining the head and later spreading to other lymphoid tissues. Immature wapiti are more resistant to infection than adults, a situation similar to that observed in cattle. The uterus is not usually invaded until pregnancy occurs. As in cattle, wapiti which have aborted once due to brucellosis may have subsequent successful pregnancies (44) .
A feature of brucellosis in wapiti in the greater Yellowstone ecosystem is that the disease is maintained on winter feeding grounds where the animals are fed supplementary hay through much of the winter. Other wapiti herds which do not receive such supplementary feed are free of the disease. Furthermore, the disease has failed to become established in other areas of the continent to which wapiti have been translocated. Over 14,000 animals were translocated to numerous destinations between 1892 and 1967. The disease was only detected in Yellowstone wapiti in 1930, but in 1966/1967 alone a total of 1,538 animals were moved from the region. The disease in wapiti is known to be associated with intense stocking on winter feeding grounds, and the normally solitary behaviour of free-ranging females during the peri-parturient period may have prevented or severely curtailed transmission.
Bacterial isolation provides the only definitive diagnosis of brucellosis. Recovery of B. abortus from aborted fetuses is a reliable method of confirming infection in a live animal, but it is sometimes difficult to achieve. The placenta and fluid products of parturition are usually consumed by the female, limiting sample availability; if fetuses or placentas are collected, secondary bacterial overgrowth may mask the presence of B. abortus. The most reliable method of bacteriological diagnosis is to culture major body lymph nodes and organs of either the fetus or the adult. The potential zoonotic risk must be remembered, and gloves should be worn at all times when handling an aborted fetus.
Serological tests, although providing only a presumptive diagnosis, allow yearround testing and movement control. In Canada, five serological tests are used. The complement fixation test (CFT) offers the best combination of sensitivity and specificity, and thus remains the standard. In a comparative trial with animals confirmed positive by culture, the CFT identified 93% of cases. Unfortunately, Canadian experience has shown that a significant number of sera from wapiti are anti-complementary. A recently-developed enzyme-linked immunosorbent assay (ELISA) overcomes this problem and may soon replace the CFT. The tube agglutination test is performed to obtain a serum titre, which may be converted into international units of anti-Brucella antibody. Tube agglutination is often a required test for export purposes. The rapid card test and buffered plate test are screening methods used in the field and laboratory, respectively. Animals yielding positive results in these tests are re-tested using the other methods.
The major risk to game farms from brucellosis is probably accidental introduction of the disease from inaccurately-tested or un-tested sources. Brucellosis is extremely unlikely to enter a game farm across a perimeter fence. International movement of all livestock involves numerous tests, including those for brucellosis. At present, intranational movement of bison, reindeer and wapiti -as well as other cervids -is similarly controlled.
Yersiniosis
Yersiniosis is considered to be one of the most important diseases of farmed deer in New Zealand, the United Kingdom and Australia, and has been observed in farmed red deer in Ontario (Canada). Two members of the genus Yersinia are normally considered in discussions of this disease: Y. pseudotuberculosis has been implicated in numerous outbreaks, while the role of Y. enterolitica is more equivocal. Although a few clinical cases have been reported, the organism is often cultured from faecal samples taken from apparently-healthy animals (5, 23, 36, 37) . Yersiniosis is a zoonotic disease, and although Yersinia spp. are not generally considered to be important pathogens of cattle and sheep, these organisms have been isolated from many different domestic and wild species throughout the world (45) . Yersiniosis also causes high mortality rates in zoological collections of birds and primates.
The most reliable diagnostic tool for yersiniosis is culture of the organism from either the faeces or mesenteric lymph nodes of affected animals. However, specialised culture requirements must be met. Serological testing must be interpreted with caution. Vaccination (see below) has proved effective.
The principal concern with yersiniosis is the potential for an outbreak of the disease within the confines of a single farm, rather than transmission across perimeter fences. There is some level of risk involved in moving young stock onto a property, but good management and the reduction of contributing factors are important in preventing outbreaks.
Anaplasmosis
With the exception of the mule deer, anaplasmosis has not been reported as a clinical entity in farmed deer species anywhere in the world. Nonetheless, infection has been recognised in many countries and in many species world-wide. Some states in the USA require negative test status prior to interstate movement, although Federal protocols for importation from Canada do not. Anaplasmosis is a 'named disease' in Canada (under Federal regulations issued by Agriculture Canada), and livestock brought in from the USA or other areas must test negative.
Anaplasmosis occurs in only some areas of the USA. Testing requirements for interstate movement permits therefore vary.
Malignant catarrhal fever
Malignant catarrhal fever (MCF) may be caused in a variety of species by either of two antigenically-related (but distinct) gammaherpesviruses. Although the wildebeestassociated alcelaphine herpesvirus-1 (AHV-1) poses a risk in some areas outside Africa (such as Texas, where exotic animal ranches are common), it is the sheepassociated ovine herpesvirus-2 (OHV-2) which presents the greatest risk to game farm animals world-wide (24) . Many cervid species are susceptible, as are bison. Among cervids, fallow deer (Dama dama) appear to be uniquely resistant. Other deer vary in susceptibility. Among the most sensitive are Père David's deer (Elaphurus davidianus), rusa deer (Cervus timorensis), axis deer (Axis axis) and white-tailed deer, all of which usually die peracutely, or after a short acute course. Red deer and wapiti, as well as bison, often develop the 'head-and-eye' form of the disease and may take longer to die. The case mortailty rate is over 90%.
Transmission of MCF has never been demonstrated between deer, nor between bison, although the former may occur rarely. Transmission risks are more likely to be from sheep to game farm animals than the reverse, and the general consensus among bison ranchers is that any sheep which can be seen is already too close. Despite the risks of sheep-derived infection, some New Zealand deer farmers will run sheep and red deer in the same paddock in order to take advantage of the fact that they eat different parts of the sward. The incidence of MCF rises in winter, during times of inclement weather, but seldom affects more than 3% of exposed deer.
Although AHV-1 has been isolated and described, OHV-2 has remained elusive. Diagnosis of the latter has lately been enhanced by identification of genomic fragments using PCR (48) . Serological screening for the presence of virus-neutralising antibodies to the agent of MCF has been developed (25) .
Bluetongue
The causative agent of bluetongue (BT) is a member of the genus Orbivirus (which also contains the virus of epizootic haemorrhagic disease of deer and the related agent, known in Korea and Japan, called Ibaraki virus). Many serotypes of BT virus exist throughout the world, but the range of occurrence is restricted to areas where the insect vector (Culicoides spp.) is found. BT occurs throughout the USA (with the exception of Alaska and Hawaii) and has been associated with 'die-offs' of free-ranging wildlife. During the extensive die-off of wildlife in the Missouri river basin, in 1976, at least 4,100 pronghorn antelope and deer died in Wyoming alone (43) . In general, the incidence of BT is greater in southern states than in the north of the country. In Texas, the disease is enzootic and most deer possess antibodies.
In North America, the natural vertebrate host of BT is considered to be cattle, but non-clinical infections can become established in bison, wapiti and goats (26) . All these species can probably act as long-term carriers. Wind-borne movement of vectors over long distances has been incriminated in new outbreaks of BT in some parts of the world. Sheep and deer of the genus Odocoileus are considered to be only short-term carriers of the disease, although they can rapidly develop clinical signs.
In the carrier state of BT infection the virus is maintained inside the cells of vertebrate hosts where it is protected from antibody and simultaneously maintained during periods when the vector is unavailable. It is also possible that the virus overwinters in the insect vector. BT virus has been found in the semen of infected domestic bulls, and infection has been transmitted by artificial insemination, so that stringent regulations concerning the testing of potential donors are an important part of protocols for testing wapiti and deer which are to be used as semen donors. The vims can also be transmitted transplacentally.
For diagnostic confirmation, virus isolation and serological tests must be performed. Presence of antibody alone is not sufficient to confirm diagnosis, and may only indicate that exposure to the agent has occurred. Tissues for viral isolation (lung, liver, lymph node or spleen) should be collected as soon as possible after death and transported within a few hours to a laboratory which is experienced with the disease; if this is not possible, tissues should be frozen prior to transport. Inoculation of suspect tissues into embryonated chicken eggs and subsequently onto tissue culture is the method used in the laboratory. If fever is observed, blood inoculation into susceptible sheep is a useful diagnostic technique.
A number of serological tests are available to assist in BT diagnosis. The most recent tests, which are used for detection in large-scale surveys for eradication programmes, include an ELISA, immunodiffusion, radioimmunoassay and a 'haemolysis-in-gel' assay (31) . A nucleic acid probe has also been developed for the detection of BT viral DNA in fluids and tissues (40) .
In areas where BT is not endemic, prevention is the key to the control of this disease. Stringent testing is already in place for the detection of antibodies and, as carrier states are known to exist, the finding of a positive animal is usually sufficient to ensure that a movement permit is not issued. Quarantine, and the movement of animals outside vector seasons, are also important considerations.
Although livestock are vaccinated in some parts of the world, this is not recommended for farmed deer species. An exception appears to be the practice employed by some farmers of white-tailed deer, whereby deer are vaccinated prior to interstate movement. However, this is perhaps imprudent for two reasons: vaccine has not been tested in any deer species, and the presence of vaccine antibodies would be likely to confound testing conducted prior to movement.
Whether or not this is important will become evident with the emergence of deer farming in areas were BT is endemic. The major significance of BT to the bison and wapiti farmer lies in the potential effect of the disease on the sale of animals to jurisdictions where positive results in serological tests would preclude movement. The fact that wapiti might also act as a long-term reservoir may also be important in areas where sheep are farmed, as well as having a potential impact on populations of free-ranging white-tailed deer.
Elaphostrongylines
Members of the nematode family Protostrongylidae (elaphostrongyline sub-family) which have a direct impact on the game farming industry include Parelaphostrongylus tenuis, Elaphostrongylus cervi and E. rangiferi. These tissue parasites mature in the skeletal musculature and/or central nervous system of cervids (32) . Each of these parasites has a limited host and geographic range, and there are justified concerns about the potential expansion of these ranges if careless translocation should occur. It is likely that E. cervi arrived in New Zealand with red deer translocated from Europe. Strict management has prevented the movement of this parasite to mainland Canada and Australia.
The life cycle of elaphostrongylines is indirect and involves a gastropod. The major problem in P. tenuis and E. cervi infections arises when the gastropod is ingested by an aberrant host; this can create profound abnormalities of the central nervous system, leading to debility and/or death. Aberrant hosts for P. tenuis include several Cervidae and Bovidae, as well as llamas. Infections with E. rangiferi can cause clinical signs and death in their normal hosts, namely reindeer and caribou.
Testing is conducted via faecal flotations using the Baermann technique; larval output varies from day to day, however, and a single negative Baermann test may therefore lack sensitivity in detecting infection. Inadvertant or unscrupulous use of anthelmintics during quarantine periods may suppress the appearance of larvae in the faeces of an infected animal, as life cycle stages outside the central nervous sytem are susceptible to treatment. Even if the characteristic dorsal-spined larvae are found in stool samples, diagnosis may be complicated by the fact that these organisms cannot be distinguished from one another -or from the larvae of other non-pathogenic members of the family -by microscopic examination alone. At present, differentiation requires culture of larvae and transmission into a host mammal in which adult worms can be examined and identified. Work in progress has allowed specific identification of E. cervi first stage larvae with a PCR technique (A. Gajhadar, personal communication).
Liver flukes
On a world-wide scale, two species of liver flukes are of importance to the deer farming industry, namely the sheep liver fluke (Fasciola hepatica) and the giant liver fluke (Fascioloides magna). Bison can become infected with F. magna but the parasite does not complete its life cycle in this species.
In North America, cervids are susceptible to infection with F. magna. White-tailed deer, fallow deer and wapiti generally show limited clinical signs although wapiti, in particular, can show marked debility and liver damage. The life cycle of both liver flukes is indirect, involving aquatic gastropods as intermediate hosts (15) .
In Europe, red deer and fallow deer appear to be able to tolerate infection with F. hepatica, but wild roe deer (Capreolus capreolus) are unable to tolerate infection with either parasite (4).
F. magna infection is a classic example in which ignorance of the biology of the parasite has had serious consequences. In the late 19th century, infected wapiti were translocated to Italy and introduced the parasite to Europe, where it has become an important problem in domestic sheep, which usually die following infection with only one or two flukes (41) . Sheep farming has been abandoned in some areas of North America, where damp conditions and infected white-tailed deer or wapiti exist (20) .
Lungworm
Both bison and cervids (farmed and free-ranging) are susceptible to infection with lungworm (Dictiocaulus viviparus or D. eckerti). This parasite has a direct life cycle. In cervids, calves up to one year of age are most likely to develop clinical signs of infection. Several anthelmintics have proven to be effective if correctly used for control (20) . Responsibility for lungworm control lies with the individual producer, although many government authorities demand treatment of animals in quarantine with anthelmintics (usually ivermectin) so that lungworms would be killed anyway.
Gastrointestinal helminths
Several species of helminths are known to infect deer and bison. Little information is available on relationships between numbers of parasite eggs passed in faeces and adult worm burdens. It is probable that these parasites are potentially the major pathogen of bison, and strict control regimes should be instituted. Hypobiotic larvae of parasites of the genus Ostertagia encysted in the abomasal wall are also known to cause severe clinical disease, especially in bison and wapiti. Several anthelmintics are known to be effective in control if used appropriately (20, 46) .
External parasites
In common with other livestock species, deer can become infested with a variety of ticks, lice, mites and other external parasites. Infestations of several tick species have been observed in farmed deer. In North America, the most important of these is the winter tick (Dermacentor albipictus), which causes severe irritation and subsequent hair loss (20) . In New Zealand, the three-host tick Haemaphysalis longicornis is known to cause debility and irritation, particularly to young fawns in summer (22) . Other ticks have been found on deer species, and caution must be exercised when deer or bison are to be moved, to ensure that they do not carry external parasites with them.
Little information is available on the role of ticks as disease vectors in farmed cervids and bison. However, babesiosis has recently been diagnosed in wapiti which died suddenly (27) , and theileriosis and babesiosis are recognised in white-tailed deer in North America, and in red deer in the United Kingdom. Anaplasmosis, which can be transmitted by ticks, has been detected in bison, mule deer, white-tailed deer and wapiti (20) . In the United Kingdom, Ixodes ricinus is known to transmit louping-ill virus as well as Cytocetes phagocytophilia, the agent which causes tick-borne fever of sheep. With the exception of the babesiosis cases mentioned, however, none of these agents is known to cause clinical disease in farmed deer.
As a routine, any livestock movement should include a treatment regime appropriate to the biology of the parasite. For instance, if wapiti were moved in summer in North America, there would be no need to treat the animals for winter ticks. Treatments for ticks depend on the use of either a suitable contact acaricide or a compound which will be ingested by the tick when feeding on the host. The most effective regimes include the use of 1% flumethrin -which has a residual effect for at least four weeks (22) -and, more recently, 1% permethrin -which has been used in North America (where flumethrin is unavadable), but which appears to have a shorter residual effect (unpublished findings). Several products are known to be effective in ridding an animal of lice. None of these products has been formally tested in deer or bison, but they have been shown to be effective in limited trials (unpublished findings). Infestations with mites have been treated effectively with injectable or oral avermectins.
DISEASE TESTING
Disease testing is a rapidly evolving field which incorporates a variety of measures. For many years, a variety of more or less sensitive and specific serological tests and the culture of specific organisms were considered the gold standards from which to work. The most recent advances have been made in ELISAs, and in a variety of highly specific tests based on nucleic acid (DNA and RNA) technology. ELISAs can be designed to detect changes caused by foreign agents in the immune system of the host, as well as to detect infectious organisms. Nucleic acid tests are able to detect elements of the pathogen itself. Of the two, nucleic acid tests are usually much more sensitive and specific.
The most important disease for which tests are conducted is bovine TB. Bison in North America are tested using regimes developed for cattle. These involve initial testing by single intradermal tuberculin injection into the tail fold. Unfortunately, this technique was used in cervids until the end of 1990 by USDA authorities, despite the fact that in 1980 it had been shown to have a sensitivity of only 21% (33) . New testing technologies have subsequently been developed. The most recent testing systems, which involve a constellation of tests, provide > 95% sensitivity and specificity of 98-100%. (17) . Nucleic acid technology has been used to identify strains of bovine TB in farmed cervids and thus identify clearly the origin of new cases.
Tuberculosis accreditation schemes exist in several countries where the disease has been recognised. These involve a combination of herd history (which may include slaughterhouse surveillance) and one to three whole-herd tests. Full accreditation cannot be achieved until the required number of negative test results has been achieved. Even if a herd is established as 'accredited', testing prior to movement is often demanded by agencies governing the industry.
In New Zealand, all deer being tested for TB must be identified by individual tags. Furthermore, deer which react to the single intradermal test must have a Ministry of Agriculture and Fisheries TB reactor tag put in their ear until they are either killed or cleared by subsequent testing.
QUARANTINE
Most intercontinental movement of livestock involves periods of quarantine. Deer and bison are no exception. Quarantine is almost always required at source and sometimes also at destination. The strictures of quarantine depend entirely on the requirements of the importing country or other jurisdiction. Physical separation from con-specifics by as much as 20 m may be demanded, or even a period of isolation in an enclosed space.
It is common for importing authorities to demand disease testing before and during quarantine, and in some cases further tests are conducted during the quarantine period at destination. Treatment is required for specific diseases, usually infestations with external parasites and sometimes bacterial diseases such as leptospirosis. There have been instances of quarantine protocols which demand a cordon sanitaire to prevent the ingress of potential intermediate hosts (gastropods).
A form of quarantine exists, in several countries, in which herds are tested to national standards for TB or brucellosis. Movement of animals from the farm is prohibited unless the herd has met these standards, the diseases of principal concern being TB and brucellosis.
VACCINATION
With the exception of a specific vaccine developed in New Zealand for yersiniosis in red deer, vaccination of cervids and bison has been performed using vaccines developed for cattle, which cannot guarantee protection in other species.
The yersinia vaccine was developed, tested and marketed in response to the problems experienced on deer farms with die-offs due to Yersinia spp. (34) .
Clostridial vaccines are routinely used for farmed cervids and bison in many parts of the world. Limited scientific information is available regarding serological responses of deer to vaccination. Investigations have shown that antibody titres are uniformly lower than those developed by cattle and sheep. Furthermore, in red deer, any increases are of short duration -seldom lasting for more than three monthsalthough protection may still be achieved (47) .
Both killed rabies vaccine and killed leptospiral vaccine are used by deer farmers and reindeer herders in areas where these diseases are perceived as presenting a risk (20, 42) . Workers in New Zealand are investigating the potential of vaccines against bovine tuberculosis in deer (35) .
The potential of vaccines to mask some disease tests should not be ignored. Such an effect was noted by Fawcett et al. (12) , when Johne's disease vaccine was used in deer. Similarly, vaccination of animals against brucellosis or bluetongue can lead to false-positive results. 
* * * PRATIQUES DE GESTION DESTINÉES À RÉDUIRE L'INCIDENCE DES MALADIES INFECTIEUSES ET PARASITAIRES CHEZ LES CERVIDÉS ET LES

